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FIG. 3
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FIG. 6(a)
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SHEET HANDLING APPARATUS AND IMAGE
READING APPARATUS

BACKGROUND OF THE INVENTION AND
RELATED ART STATEMENT

The present invention relates to a sheet handling apparatus
equipped with sheet separating means for separating sheets
stacked on a sheet stacker 1nto a single sheet and feeding the
single sheet toward a downstream side. More particularly, the
present invention relates to a sheet handling apparatus and an
image reading apparatus that detect whether two or more
sheets are overlapped and transported (double feed).

An 1mage reading apparatus 1s mounted on a copier or
facsimile machine for separating sheets (such as cut sheets or
plastic sheets) stacked on a sheet stacker. In a case of a copier,
an 1mage reading apparatus separates sheets from a cassette
into a single sheet and feeds the single sheet to a printing unat,
so that characters or images are printed on the sheet.

In such a sheet handling apparatus for reading 1images on
originals or printing, it 1s technically important to securely
separate sheets stacked on a sheet stacker such as an original
tray or a paper cassette and feed a single sheet one at a time.
Accordingly, an automated document feeder (hereimnafter
referred to as ‘ADF’) 1s provided with a sheet separating
mechanism for separating sheets stacked on a sheet stacker
(feeder tray) into a single sheet, so that the automated docu-
ment feeder feeds the single sheet one at a time. Japanese
Patent Publication (Kokai) No. 2001-354339 has disclosed an
example of such a sheet separating mechanism.

In the sheet separating mechanism disclosed in Japanese
Patent Publication (Koka1) No. 2001-354339, a draw roller
capable of rising and lowering touches the uppermost sheet
stacked on the sheet stacker to draw the original (sheet). A
teed roller 1s provided for feeding only the uppermost original
(sheet), and a separating pad 1s provided for preventing the
second sheet from being fed.

There may be a case in which sheets (particularly originals)
stacked on a sheet stacker have a bent edge or are bound with
a paper clip or staples. In such a case, even 1f the sheet
separating mechanism described above 1s provided, 1t 1s dif-
ficult to securely separate sheets into a single sheet for feed-
ing. For this reason, 1t 1s necessary to determine whether a
single sheet 1s fed normally, or two sheets are overlapped and
ted, described herein as ‘double feed’. Conventionally, an
ultrasonic wave sensor has been known as a device in the art
for detecting whether sheets are double fed.

In Japanese Utility Model Publication (Kokoku) No.
06-495677, an ultrasonic wave axis 1s formed of an ultrasonic
wave sending device arranged above a transier surface of a
subject to be detected and an ultrasonic wave recerving device
arranged below the transfer surface. The ultrasonic wave axis
1s arranged with an angle relative to the transfer surface, so
that the ultrasonic wave recerving device detects a stable
amount of an ultrasonic wave.

In Japanese Patent Publication (Kokai) No. 06-72591, an
ultrasonic wave detector 1s arranged 1n a marking device
disposed 1n a handover portion where a sheet 1s fed from a
paper tray to a fimshing apparatus. The ultrasonic wave detec-
tor 1s composed ol a wave sending sensor and a wave receiv-
ing sensor arranged with the sheet in between, so that an
ultrasonic wave 1s applied to the sheet with an angle to detect
the double feed.

However, when a thin sheet is transported, the sheet tends
to flap vertically. Accordingly, 1t 1s technically important to
dispose an ultrasonic wave sensor at a proper position to
receive an ultrasonic wave at a proper timing to accurately
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detect the double feed. Particularly, when an ultrasonic wave
sensor 1s used for accurately detecting the double feed, a
space between sheets becomes an important factor. If a gap 1s
intentionally generated between sheets and a sensor detects
the sheets after the sheets are extended 1n parallel to a travel-
ing surface, 1t 1s possible to accurately detect the double feed
of the sheets.

In the conventional ADF, an optical sensor for detecting a
position of a sheet in a feeding path and an ultrasonic wave
sensor for detecting the double feed of sheets are arranged
separately at different locations. Based on output signals from
the sensors, a timing of drawing a sheet 1s controlled, and a
length of the sheet and the double feed are detected. In such a
sheet handling apparatus having a function of detecting the
double feed, 1t 1s necessary to separately dispose 1n a limited
space an ultrasonic wave sensor for detecting the double feed
and a sensor (corresponding to ‘register sensor’ disclosed 1n
Japanese Patent Publication (Kokai1) No. 2001-354339) for
detecting a leading edge and a trailing edge of a sheet in a
sheet path.

In view of the problems described above, the present inven-
tion has been made, and an object of the invention 1s to
provide a sheet handling apparatus and an 1image reading
apparatus capable of accurately detecting whether a sheet
stacked on a sheet stacker 1s correctly fed one at a time
without the double feed.

Another object of the invention 1s to provide a sheet han-
dling apparatus and an 1mage reading apparatus having one
detection device capable of detecting both the double feed of
sheets stacked on a sheet stacker to determine that the sheet1s
correctly fed one at atime, and a leading edge and/or a trailing
edge of the sheet.

Further objects and advantages of the mvention will be
apparent from the following description of the invention.

SUMMARY OF THE INVENTION

To obtain the objects described above, according to a first
aspect of the present invention, a sheet handling apparatus
includes a sheet stacker; separating means for separating
sheets stacked on the sheet stacker and feeding the sheet; a
register roller for correcting a skew of the sheet fed from the
separating means; an ultrasonic wave sensor arranged
between the separating means and the register roller with an
angle relative to a surface of the sheet, and formed of a wave
sending sensor and a wave receiving sensor; judging means
for detecting double feed of the sheets based upon an output
signal from the wave recetving sensor; and control means for
controlling stopping and driving of the register roller. The

50 judging means detects the double feed of the sheets based
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upon the output signal from the wave recerving sensor after a
predetermined time after the register roller starts to rotate.
In the sheet handling apparatus, the ultrasonic wave sensor
1s formed of the wave sending sensor and the wave receiving
sensor, and 1s arranged between the separating means and the
register roller with an angle relative to the sheet travel surface.
When the register roller corrects a skew, a gap 1s generated
between the sheets. When the register roller starts to rotate
from a stopped state, 1t 1s determined whether the sheets are
double fed based upon the output signal from the wave receiv-
ing sensor after a predetermined time. Accordingly, 1t 1s pos-
sible to accurately detect whether the sheets are double fed.
The wave recerving sensor 1s arranged between the sepa-
rating means and the register roller above the sheet travel
surface, and the wave sending sensor 1s arranged below the
sheet travel surface. Accordingly, 1t 1s possible to prevent
detection accuracy from being deteriorated due to dust or
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other foreign matter falling from the sheets onto a surface of
the wave recetving sensor with time. The judging means
continuously determines whether the sheets from the separat-
ing means are double fed while a trailing edge of the sheet
passes through the register roller, thereby making it possible
to accurately detect the double feed. When the judging means
determines that the sheets from the separating means are
double fed, the system stops feeding a subsequent sheet from
the sheet stacker.

According to a second aspect of the present invention, an
image reading apparatus includes a sheet stacker; separating
means for separating sheets stacked on the sheet stacker and
teeding the sheet; a register roller for correcting a skew of the
sheet fed from the separating means; transport means for
transporting the sheet from the register roller to a reading
position; optical reading means for reading the sheet trans-
ported to the reading position; an ultrasonic wave sensor
arranged between the separating means and the register roller
with an angle relative to a surface of the sheet, and formed of
a wave sending sensor and a wave receiving sensor; judging
means for detecting double feed of the sheets based upon an
output signal from the wave recewving sensor; and control
means for controlling stopping and driving of the register
roller. The judging means detects the double feed of the sheets
based upon the output signal from the wave recerving sensor
alter a predetermined time after the register roller starts to
rotate.

When the judging means determines that the sheets from
the separating means are double fed, the optical reading
means stops reading 1mages on the sheets, or a result of the
determination 1s displayed after all the sheets stacked on the
sheet stacker are read. In the second aspect of the mnvention,
the sheet handling apparatus accurately detects the double
feed of the sheets, even when the sheets are thin sheets and
tend to flap or vibrate in up and down directions during
transportation.

In the sheet handling apparatus, the wave receiving sensor
1s arranged above the sheet travel surface. Accordingly, 1t 1s
possible to prevent detection accuracy from being deterio-
rated due to dust or other foreign matter falling from the
sheets onto a surface of the wave receiving sensor with time.
The wave sending sensor generates large ultrasonic wave
vibrations at a surface thereof as compared with the wave
receiving sensor. Accordingly, paper dust and dirt easily fall
from the surface of the wave sending sensor, which 1is
arranged with an angle relative to a plane perpendicular to the
direction of gravity. The judging means continuously deter-
mines whether the sheets from the separating means are
double fed while a trailing edge of the sheet passes through
the register roller, thereby making 1t possible to accurately
detect the double feed.

According to a third aspect of the present invention, a sheet
handling apparatus includes a sheet stacker; separating means
for separating sheets stacked on the sheet stacker and feeding
the sheet; a register roller for correcting a skew of the sheet
fed from the separating means; an ultrasonic wave sensor
arranged between the separating means and the register roller
and formed of a wave sending sensor and a wave receiving
sensor; and judging means for detecting a trailing edge and a
leading edge of the sheet and for detecting double feed of the
sheet based on an output signal from the wave receiving
sensor. The judging means detects the leading edge and the
trailing edge of the sheet, thereby determining a size of the
sheet (length of the sheet 1n a feeding direction).

In the third aspect of the mvention, the judging means
executes a first comparison for detecting the leading edge and
the trailing edge of the sheet, and a second comparison for
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determining whether the sheets are double fed. The second
comparison is performed at timing under a condition different
from those of the first comparison. The leading edge and the
trailing edge of the sheet are detected at different timing under
a different condition than the detection of the double feed of
the sheets. Accordingly, 1t 1s possible to detect both the sheet
and the double feed with only one sensor as compared with a
conventional apparatus using a plurality of sensors. The first
timing may be a moment when the leading edge or the trailing
edge of the sheet passes a position where the ultrasonic wave
sensor 1s disposed. The second timing may be a moment or a
plurality of moments after a predetermined time after the
leading edge of the sheet reaches at the register roller. The
wave sending sensor and the wave receiving sensor may be
arranged to face each other between the separating means and
the register roller with an angle relative to the sheet travel
surface. Accordingly, the wave recetving sensor recetves a
steady amount of ultrasonic wave, even 1 the sheet surface
vibrates up and down during the transportation.

In the present invention, the judging means may have the
tollowing structures. The judging means may include a com-
parator circuit for performing first comparison and second
comparison and a wave reception amplifier for amplifying an
output signal of the wave recerving sensor. The comparator
circuit performs the first comparison and the second compari-
son while a gain of the amplifier 1s varied.

The judging means may include the comparator circuit for
performing the first comparison and the second comparison
and the wave reception amplifier for amplifying the output
signal of the wave recerving sensor. The comparator circuit
performs the first comparison and the second comparison,
while a standard value mput to the comparator circuit 1s
varied.

The judging means may include a first comparator circuit
for performing the first comparison; a second comparator
circuit for performing the second comparison; a first wave
receiving amplifier for amplifying the output signal of the
wave recerving sensor at a predetermined gain; and a second
wave receiving amplifier for amplitying the output signal of
the wave recetving sensor at a gain different from that of the
first amplifier.

The judging means may include a comparator circuit for
performing the first comparison and the second comparison;
a wave receiving amplifier for amplitying the output signal of
the wave recerving sensor; and a wave sending amplifier for
adjusting a level of an ultrasonic wave output from the wave
sending sensor. The comparator circuit performs the first
comparison and the second comparison, while a gain of the
wave sending amplifier 1s varied.

The judging means may include a wave recerving amplifier
for amplitying only the output signal of the wave receiving
sensor at a predetermined gain, and an A/D converter for
converting an analog output from the wave recerving ampli-
fier into a digital signal. The comparator circuit performs the
first comparison and the second comparison based on the
digital output signal from the A/D converter.

With the judging means having the structure described
above, 1t 1s possible to detect the leading edge of the sheets
and the double feed.

In the sheet handling apparatus, when the judging means
determines that the sheets out from the separating means are
in the double feed, the subsequent sheets being fed from the
sheet stacker are stopped. A warning of the double feed 1s
displayed, so that an operator can check the sheets to locate a
fold 1n an edge and retry feeding the sheets.

According to a fourth aspect of the present mnvention, an
image reading apparatus comprises a sheet stacker; separat-
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ing means for separating sheets stacked on the sheet stacker
and for feeding the sheets; a register roller for correcting a
skew 1n the sheets fed from the separating means; transport
means for transporting the sheets from the register roller to a
reading position; optical reading means for reading the sheets
on the reading position; an ultrasonic wave sensor composed
of a wave sending sensor and a wave receiving sensor and
arranged obliquely relative to a sheet travel surface between
the separating means and the register rollers; and judging
means for detecting leading and trailing edges of the sheet and
the double feed of the sheets based on an output signal from
the wave recetving sensor.

In the sheet handling apparatus described above, one ultra-
sonic wave sensor detects the double feed of the sheets and the
leading edge and trailing edge of the sheets. Accordingly, 1t 1s
possible to dispose the ultrasonic wave sensor at an optimum
position 1n a feeding path with a limited space, so that the
double feed of the sheets and the size of the sheets are accu-
rately detected. Also, the sheet handling apparatus has a
simple structure, thereby reducing cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing an ADF as a sheet
handling apparatus according to the present invention;

FIGS. 2(a), 2(b) and 2(c) are views showing separating
means, register rollers and an ultrasonic wave sensor in the
sheet handling apparatus;

FIG. 3 1s a flow chart for explaining timing of reading an
output signal of a wave receiving sensor of the ultrasonic
wave sensor;

FIG. 4 1s a timing chart for controlling an 1mage reading
apparatus provided with an ADF;

FIG. 5 1s a block diagram showing a configuration of a
control circuit for processing a signal of the ultrasonic wave
SEeNsor;

FIGS. 6(a) and 6(b) are charts showing wavelorms of out-
put signals of the wave receiving sensor and a standard value.

FIG. 7 1s a sectional view showing an ADF as a sheet
handling apparatus according to the present invention;

FIGS. 8(a) to 8(e) are views showing separating means,
register rollers and an ultrasonic wave sensor 1n the sheet
handling apparatus;

FIG. 9 1s a flow chart for explaining timing of reading an
output signal of a wave receiving sensor of the ultrasonic
wave sensor;

FIG. 10 1s a timing chart for controlling an image reading,
apparatus provided with an ADF;

FIG. 11 15 a block diagram showing a configuration of a
control circuit for processing a signal of the ultrasonic wave
sensor according to a first embodiment;

FIG. 12 1s a block diagram showing a configuration of a

control circuit for processing a signal of the ultrasonic wave
sensor according to a second embodiment;

FIG. 13 1s a block diagram showing a configuration of a
control circuit for processing a signal of the ultrasonic wave
sensor according to a third embodiment;

FIG. 14 15 a block diagram showing a configuration of a
control circuit for processing a signal of the ultrasonic wave
sensor according to a fourth embodiment;

FIG. 15 1s a block diagram showing a configuration of a
control circuit for processing a signal of the ultrasonic wave
sensor according to a fifth embodiment;

FIGS. 16(a) and 16(d) are charts showing waveforms of
output signals of the wave recerving sensor and a standard
value when double feed of sheets 1s detected.
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FIG. 17 1s a flow chart showing a control process of judging,
means according to the first embodiment; and

FIG. 1815 a flow chart showing a control process of judging
means according to the second embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereunder, embodiments of the invention will be
explained with reference to the accompanied drawings. FIG.
1 1s a view showing an ADF 10 as a sheet handling apparatus
according to an embodiment of the present invention. As
shown 1n FIG. 1, the ADF 10 1s mounted on an 1mage reading,
apparatus 20 for feeding a sheet (original) over a top surface
of a platen 12 on a main unit 20. In the 1image reading appa-
ratus 20, a light source 21 of optical reading means 1s arranged
below the platen 12 for wrradiating light on the sheet. The
reflected light 1s guided to a CCD using a mirror 22 or prism,
so that the CCD converts an image on the sheet mto an
clectrical signal.

The image reading apparatus 20 1s equipped with a second
platen 13 with a surface area large enough to place an entire
surface of the sheet thereupon. The ADF 10 opens and closes
to read the 1mage on the sheet placed on the platen 13. The
ADF 10 comprises a sheet stacker 11 for stacking a plurality
of sheets; a kick roller 1 for picking up the sheets stacked on
the sheet stacker 11 and feeding the sheets toward a down-
stream side; separating means 2 for separating the sheets fed
by the kick roller into a single sheet and feed the sheet to the
platen 12; a pair of register rollers 5 for removing any skew in
the sheet fed from the separating means 2; an ultrasonic wave
sensor 3 arranged between the separating means 2 and the pair
of register rollers 5 for detecting double feed of the sheets fed
from the separating means 2; a pair of first transport rollers 6
for passing the sheet fed from the pair of register rollers S over
the top surface of the platen 12 while contacting thereto; a pair
of second transport rollers 7 for recerving the sheet passed
over the platen 12 and transporting the sheet further toward a
downstream side; and a pair of discharge rollers 8 for dis-
charging the sheet transported from the pair of second trans-
port rollers 7 to a discharge stacker 14.

Furthermore, a register sensor 4 1s disposed on an upstream
side of the pair ol register rollers 3 for detecting a leading edge
of the sheet fed from the separating means and arriving at the
pair of register rollers 5. The ultrasonic wave sensor 3 1s
composed of a wave sending sensor 3a and a wave receiving
sensor 3b arranged obliquely relative to a sheet travel surface
between the separating means 2 and the pair of register rollers
5 with the sheet travel surface in between. The wave sending
sensor 3a 1s arranged below the sheet travel surface, and the
wave receiving sensor 35 1s arranged above the sheet travel
surtace.

The ADF 10 1s also provided with a switchback path 24 for

switching back the sheet 1n a discharge path from the platen
12 to the discharge stacker 14, and for feeding the sheet into
the pair of register rollers 5 on the platen 12 again.

The sheet stacker 11 1s arranged above the discharge
stacker 14 and 1s inclined at a predetermined angle. A side
guide 24 aligns the sheets stacked on the sheet stacker 11. The
sheets are placed on the sheet stacker 11 so that their leading
edges are pushed against and touch aleading edge portion 11a
of the sheet stacker 11. The kick roller 1 moves vertically to
pick up the sheets and lowers to touch the uppermost sheet
stacked on the sheet stacker 11 to pick up toward a down-
stream side (separating means 2). At this time, just one single
sheet 1s not always picked up.
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The separating means 2 1s composed of a feed roller 2a for
teeding the sheets kicked out from the kick roller 1 further
toward a downstream side, and a separating roller 256 for
passing only the uppermost sheet to prevent the second and
subsequent sheets below the uppermost sheet from being
kicked out. The separating roller 256 1s stopped when feeding
the sheets, thereby preventing the second or subsequent
sheets below the uppermost sheet from being kicked out. It 1s
also perfectly acceptable to use a no-rotating separating pad
instead of the separating roller 25.

Then, the sheet passes through the separating means 2 and
1s fed to the pair of register rollers 5. The pair of register
rollers 5 1s stopped when the leading edge of the sheet kicked
out from the separating means 2 abuts against the pair of
register rollers S. The pair of register rollers 5 1s driven to
rotate for a predetermined period of time after the leading
edge of the sheet arrives at the pair of register rollers 5, so that
a loop 1s formed 1n the sheet between the pair of register
rollers 5 and the separating means 2 to align the leading edge
of the sheet, thereby removing any skew of the sheet.

In the ADF 10, the separating roller 35 of the separating
means and a drive roller 5q of the pair of register rollers 5 are
driven by a single feed drive motor (not shown). When the
teed drive motor rotates in the forward direction, the separat-
ing roller 35 1s driven to rotate and the pair of register rollers
5 1s stopped. Conversely, when the feed drive motor rotates 1n
the reverse direction, the separating roller 35 1s stopped and
the pair of register rollers 5 1s driven to rotate.

In the ADF, a loop 1s formed 1n the sheet between the repair
register rollers 5 and the separating means 2. After the pair of
register rollers S 1s driven to rotate from a stopped state, the
ultrasonic wave sensor 3 determines whether the sheets are
double fed based on an output signal of the wave receiving
sensor 3b after the loop 1s removed (described 1n further detail

below). Accordingly, 1t 1s possible to accurately detect the
double feed of the sheets.

The sheet fed from the pair of register rollers 5 1s then fed
to the pair of first transport rollers 6. The pair of first transport
rollers 6 transports the sheet while the sheet contacts the
upper surface of the platen 12, so that the optical reading
means arranged below the platen 12 optically reads the sheet.

In a single side reading mode, the sheet having an 1mage on
one side 1s optically read and discharged to the discharge
stacker 14 via the discharge past 23 by the pair of second
transport rollers 7. In a duplex reading mode, the pair of
discharge rollers 8 rotates 1n reverse to switch back the sheet
and the sheet 1s returned to the pair of register rollers 5 via the
switchback path 24. A flapper 29 1s arranged at an intersecting
position of the discharge path 23 and the switchback path 24,
and 1s constantly urged downwardly by an urging spring (not
shown). When the sheet 1s fed to the pair of discharge rollers
8 along the discharge path 23, the leading edge of the sheet
pushes the flapper upwardly to pass through. When the pair of
discharge rollers 8 switchbacks the sheet, the flapper 1s posi-
tioned at a lower position to cover the discharge path 23,
thereby guiding the original into the switchback path 24.

FIGS. 2(a) to 2(c) are views showing the separating means
2, the pair of register rollers 5, and the ultrasonic wave sensor
3. As described above, the ultrasonic wave sensor 3 1s com-
posed of the wave sending sensor 3a and the wave recerving,
sensor 3b, and 1s arranged obliquely relative to the sheet travel
surface between the separating means 2 and the pair of reg-
ister rollers 5 with the surface in between. The wave sending
sensor 3a 1s arranged below the sheet travel surface, and the
wave recerving sensor 356 1s arranged above the sheet travel
surface.
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The ultrasonic wave sensor 3 1s arranged obliquely and
sandwiches the sheet travel surface to stabilize an amount of
an ultrasonic wave recetved by the wave recerving sensor 35.
When the wave sending sensor 3a and the wave receiving
sensor 356 are arranged orthogonally to sandwich the sheet
travel surface, an amount of an ultrasonic wave 1s greatly
varied even by a small movement of the sheet, thereby making
it difficult to accurately detect the double feed of the sheets.
The wave receiving sensor 36 1s arranged above the sheet
travel surface, so that dust or dirt from the sheets does not
accumulate on a surface of wave receiving sensor 35, thereby
ensuring the accuracy of detection of the ultrasonic waves.

As shown i FIG. 2(a), the pair of register rollers 5 1s
controlled to stop when a leading edge of a sheet P-1 fed from
the separating means 2 reaches the rollers. Accordingly, as
shown 1n FIG. 2(a), after the leading edge of the sheet P-1
abuts against the pair of register rollers 5, the separating
means 2 further pushes the sheet to form a loop 1n the sheet P.
In this case, a shape and a size (diameter) of the loop are not
stable, so that the loop 1s not proper for detecting the double
feed of the sheets.

After the leading edge of the sheet P contacts the pair of
register rollers 5, the pair of register rollers 3 starts to rotate
alter a predetermined period of time. When the pair of register
rollers 3 starts to rotate, the separating roller 2a of the sepa-
rating means 2 stops, so that the loop 1s gradually removed
and the sheet 1s straightened out. FIG. 2(b) shows a state that
the sheet P with a loop 1s straightened out with regard to the
travel surface between the separating means 2 and the pair of
register rollers 5. This 1s the optimum timing for detecting the
double feed of the sheet P. At thius time, the sheet P 1s nipped
at the leading and trailing edges thereol by the separating
means 2 and the pair of register rollers 3, thereby suppressing,
vertical vibration or movement. If the sheets P are double fed,
when the loop 1s formed therein as shown 1n FIG. 2(a), a gap
1s generated between the sheets. The gap attenuates the ultra-
sonic wave, so that the ultrasonic wave sensor 3 1s able to
accurately detect the double feed of the sheets.

FIG. 2(c) shows a state that the sheet P 1s transported
further toward a downstream side by the pair of register
rollers 5, and the trailing edge of the sheet P 1s released from
the nip of the separating means 2. In this state, the sheet P tlaps
and moves up and down around on the mipping point of the
pair of register rollers 5, so 1t 1s not possible to accurately
detect the double feed of the sheets based on the output signal
of the wave recerving sensor 3b.

FIG. 3 1s a flow chart for explaining timing of reading the

output signal of the wave recerving sensor 35 of the ultrasonic
wave sensor 3. The flow chart shown in FIG. 3 will be
explained with reference to FIG. 1. Among the sheets fed
from the kick roller 1, only the uppermost single sheet passes
through the separating means 2, and the second or subsequent
sheets below the uppermost sheet do not pass. The sheet
kicked out from the kick roller 1 1s fed to the pair of register
rollers 5 (S1). The pair of register rollers S does not rotate
when the leading edge of the sheet from the separating means
2 abuts against the register rollers, so that a loop 1s formed 1n
the sheet at the pair of register rollers 5 (S2). The separating
rollers 2a and 25 of the separating means 2 are stopped at this
time to stop separating the sheets (S3).

Next, the pair of register rollers 5 1s driven to rotate for a
predetermined period of time to feed the sheet after the lead-
ing edge of the sheet arrives at the pair of register rollers 5
(S4). The loop formed while the pair of register rollers 5 stops
1s removed from the sheet (53) to correct a skew 1n the sheet.
Atthis point, the output signal of the wave receiving sensor 36
of the ultrasonic wave sensor 3 1s read (56). Accordingly, 1t 1s
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determined whether the sheets are double fed based on the
output signal of the wave recerving sensor 35 when the loop 1s
removed from the sheet at the pair of register rollers 5 (87).
When the double feed 1s detected, the ADF stops and warning
1s displayed (59). It 1s also acceptable to continue reading the
sheets even 11 the double feed 1s detected, and then to display
a warning to the operator after reading all the sheets.

When the double feed 1s not detected, the system continues
the judging (56 and S7) whether the sheets are double fed
based on the output signal of the wave receiving sensor 35
until the trailing edge of the sheet passes through the separat-
ing means 2 (S8), so that the double feed of the sheets 1s
turther accurately detected. When the trailing edge of the
sheet passes through the separating means 2, the sheet 1s fed
toward a downstream side (S10), and the next sheet 1s kicked
out and separated.

FI1G. 4 1s a timing chart for controlling the 1mage reading
apparatus 20 provided with an ADF 10. A sheet stacking
detection sensor (not shown 1n the drawings) 1s disposed for
detecting the sheets stacked on the sheet stacker 11 (see FIG.
1). When an 1mage reading start button on the image reading
apparatus 20 1s pressed while the sheets are stacked on the
sheet stacker 11, a sheet feed start signal 1s generated to start
to feed the sheets, as shown 1n FIG. 4.

Upon the sheet feed start signal, the feed drive motor (not
shown 1n the drawings) rotates in the forward direction, so
that the kick roller 1 touches and kicks out the uppermost
sheet on the sheets stacker 11 and the separating roller 2a 1s
driven to rotate. At this time, the ultrasonic wave sensor 3 1s in
an operating state. When the separating roller 2a starts rotat-
ing, the leading edge of the sheet arrives at the register sensor
4. The separating roller 2a continues to rotate only for a
predetermined period of time after the leading edge of the
sheet 1s detected by the register sensor 4, and then stops.
During this time, the pair of register rollers 3 1s stopped, so
that the sheet 1s prevented from moving forward to form a
loop 1n the sheet, thereby correcting a skew 1n the sheet.

Then, at a predetermined timing, the feed drive motor (not
shown 1n the drawings) rotates 1n reverse to drive the pair of
register rollers 5. When the pair of register rollers 5 starts, the
separating roller 2a stops, so the loop (register loop) formed
in the sheet 1s gradually removed. The register loop 1s
removed after a predetermined period of time after the pair of
register rollers 5 starts a rotational drive, and the output signal
of the wave receiving sensor 356 of the ultrasonic wave sensor
3 1s read.

According to the invention, the double feed of the sheets 1s
detected based on the output signal 1n this state. The output
signal of the wave recerving sensor 3b 1s continuously read
until the trailing edge of the sheet moves away from the
nipping of the separating means 2, thereby accurately detect-
ing the double feed of the sheets.

The CCD (optical reading means) starts to read the image
on the sheet after a predetermined period of time after the read
sensor 9 detects the leading edge of the sheet passing through
the pair of register rollers 5 (see FIG. 1) arranged at an
upstream side of the image reading position. The output sig-
nal from the CCD (optical reading means) 1s stored into the
memory, and the next sheet stacked on the sheet stacker 11 1s
kicked out.

FIG. 5 1s a block diagram showing a configuration of a
control circuit for processing the signal of the ultrasonic wave
sensor 3. As described above, the ultrasonic wave sensor 3 1s
composed of the wave sending sensor 3a and the wave receiv-
ing sensor 35. As shown in FI1G. 5, the wave sending sensor 3a
1s driven by an amplifier circuit 32 (amp circuit) that amplifies
the ultrasonic wave signal of the ultrasonic wave generator
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circuit 31 (ultrasonic oscillating circuit). A gain (amplifica-
tion rate) of the amp circuit 32 that amplifies the ultrasonic

wave signal generated by the ultrasonic wave generator cir-
cuit 31 1s adjusted properly by a CPU 36. The CPU 36 and the

amp circuit 32 are connected via a D/A converter 38. It 1s
possible to freely set an output level of the ultrasonic wave
signal from the wave sending sensor 3a. Accordingly, it 1s
possible to adjust a vanation in sensitivity of the sensors
(elements), a setting angle relative to the sheet travel surface
and a gap between the wave recerving sensor 3b, thereby
making 1t possible to set appropriate conditions for detecting

the double feed of the sheets.

The amp circuit 34 has a predetermined gain and amplifies
the output signal of the wave receiving sensor 3b. A smooth
circuit 35 (smoothness circuit) rectifies the amplified electri-
cal signal and an 1integrated circuit with a predetermined time
constant smoothes the rectified signal. The electrical signal
passing through the smoothness circuit 35 1s compared with a
predetermined standard value in the comparator circuit 37. A
compared value output from the comparator circuit 37 1s input
to the CPU 36 to judge whether the sheets are double fed. As
described above, the judgment of the double feed is per-
formed when the loop formed in the sheet between the sepa-
rating means 2 and the pair of register rollers 5 1s removed,
and 1s continuously performed until the trailing edge of the
sheet 1s no longer nipped by the separating means 2, thereby
accurately detecting the double feed of the sheets.

FIGS. 6{(a) and 6(b) show wavetorms of the output signals
of the wave recerving sensor 35 and the standard value. FIG.
6(a) shows a wavelorm when only one sheet 1s fed, and FIG.
6(b) shows a wavelform when the sheets are double fed. As
shown 1n FIG. 6(a), the output value of the wave receiving
sensor 35 1s higher than the standard value, indicating that
only one sheet 1s kicked out. Conversely, as shown 1n FIG.
6(b), the output value of the wave recerving sensor 35 1s lower

than the standard value, indicating that the sheets are double
fed.

As shown 1n FIG. 6(a), the wavelform of the output signal
from the wave recerving sensor 36 has three sections, namely
‘A’, ‘B’ and ‘C’. The section ‘A’ shows a state that the level of
the ultrasonic wave received by the wave receiving sensor 36
1s unstable when the sheet has a loop (shown in FIG. 2(a)).
The section ‘B’ indicates a state that the output signal of the
wave recerving sensor 3b 1s stable when the loop 1s removed
from the sheet and the leading and trailing edges of the sheet
are nipped by the separating means 2 and the pair of register
rollers 5 (shown 1 FIG. 2(b)). The section ‘C’ shows a state
that the signal of the wave receiving sensor 35 1s slightly
unstable when the trailing edge of the sheet moves away from
the separating means 2 and the trailing edge of the sheet 1s
vibrating (shown in FIG. 2(¢)). According to the invention,
the double feed of the sheets 1s judged based upon the output
signal of the wave receiving sensor. 35 1n the section ‘B’,
thereby accurately detecting the double feed of the sheets.

As described above, the present invention comprises the
sheet stacker; the separating means for separating the sheets
stacked on the sheet stacker and for feeding the sheets; the
register rollers for correcting a skew of the sheets kicked out
from the separating means; the ultrasonic wave sensor
arranged obliquely relative to the sheet travel surface between
the separating means and the register rollers and composed of
the wave sending sensor and the wave receiving sensor; the
judging means for judging the double feed of the sheets based
upon the output signal from the wave receiving sensor; and
the control means for controlling the register rollers to stop
and rotate. The judging means judges whether the sheets are




US 7,425,001 B2

11

double fed based upon the output signal from the wave receiv-
ing sensor aiter a predetermined period of time after the
register rollers starts to rotate.

Therelfore, the mnvention can apply to the ADF for trans-
porting original sheets to an 1image reading position, and any
general sheet handling apparatus such as a copier for kicking
out a single sheet from a paper stacker and feeding the sheet
to a printing unit.

According to another embodiment of the invention, a sheet
handing apparatus will be explained with reference to the
accompanying drawings, 1n which the leading edge and the
trailing edge of the sheet are detected for judging the double
feed based on the output signal from the wave receiving
sensor of the ultrasonic wave sensor. The ultrasonic wave
sensor 1s composed of the wave sending sensor and the wave
receiving sensor and 1s arranged between the separating
means and the register rollers. In the drawings, numeral ret-
erences same as those 1n the previous embodiment denote the
same components.

The ADF 10 shown 1n FIG. 7 has the same configuration as
the ADF shown in FIG. 1. In the ADF shown 1n FIG. 1, the
register sensor 4 1s disposed at the upstream side of the pair of
register rollers 5 for detecting the leading edge of the sheet
when the leading edge of the sheet kicked out from the sepa-
rating means 2 reaches the pair of register rollers 5. On the
other hand, 1n the ADF shown 1n FIG. 7, 1t 1s not necessary to
provide the register sensor 4. In the ADF shown 1n FIG. 7, the
ultrasonic wave sensor 3 and the judging means for process-
ing the output signal from the ultrasonic wave sensor 3 detect
the leading edge and the trailing edge of the sheet. Also, since
the pair of register rollers 5 feeds the sheet at a known speed,
it 15 possible to determine the size of the sheet (length of the
sheet 1n the feed direction).

In the ADF shown 1n FIG. 1, the register sensor 4 detects
the timing when the leading edge of the sheet abuts against the
pair of register rollers 5. In the ADF shown i FIG. 7, the
ultrasonic wave sensor 3 detects the timing. The sheet inter-
rupts an ultrasonic wave path 3¢ of the ultrasonic wave output
from the wave sending sensor 3a of the ultrasonic wave
sensor 3. Accordingly, when the leading edge of the sheet
passes between the wave sending sensor 3a and the wave
receiving sensor 3b, the level of the ultrasonic wave recerved
by the wave receiving sensor 35 decreases. The judging
means detects the leading edge of the sheet by detecting this
timing. In the same way, the trailling edge of the sheet 1s
detected when the level of the ultrasonic wave recerved by the
wave recerving sensor 35 increases when the ultrasonic wave
path 3c¢ 1s opened.

In the ADF, a loop 1s formed in the sheet between the pair
of register rollers 5 and the separating means 2. After the pair
of register rollers 3 starts to rotate from a stopped state, the
ultrasonic wave sensor 3 detects the double feed of the sheets
based on the output signal of the wave receiving sensor 35
after the loop 1s removed, thereby accurately detecting the
double feed of the sheets.

The reading operation of the sheet fed from the pair of
register rollers S 1s the same as the ADF shown 1n FIG. 1,
thereby omitting the explanation.

FIGS. 8(a) to 8(e) are views showing the separating means
2, the pair of register rollers 5 and the ultrasonic wave sensor
3. As described above, the ultrasonic wave sensor 3 1s com-
posed of the wave sending sensor 3a and the wave recerving,
sensor 3b, and 1s arranged obliquely relative to the sheet travel
surface between the separating means 2 and the pair of reg-
ister rollers 5 with the surface in between. The wave sending
sensor 3a 1s arranged below the sheet travel surface, and the
wave recerving sensor 356 1s arranged above the sheet travel
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surface. The ultrasonic wave sensor 3 detects the leading edge
and the trailing edge of the sheet P-1 and detects the double
feeding of the sheets.

The ultrasonic wave sensor 3 1s arranged obliquely and
sandwiches the sheet travel surface to stabilize the amount of
ultrasonic wave received by the wave receiving sensor 3b.
When the wave sending sensor 3a and the wave receiving
sensor 36 are arranged orthogonally to sandwich the sheet
travel surface, the amount of the ultrasonic wave 1s greatly
varied even by a small movement of the sheet, thereby making
it difficult to accurately detect the double feeds of the sheets.
The wave receiving sensor 3b 1s arranged above the sheet
travel surface, so that dust or dirt from the sheet does not
accumulate on a surface of the wave receiving sensor 35,
thereby maintaining the detection accuracy.

FIG. 8(a) shows a state that the leading edge of the sheet
P-1 kicked out from the separating means 2 interrupts the
ultrasonic wave path 3¢ between the wave sending sensor 3a
and the wave recewving sensor 35 of the ultrasonic wave
sensor 3. When the sheet P-1 blocks the ultrasonic wave path
3¢, a level of the ultrasonic wave recerved by the wave receiv-
ing sensor 36 decreases. Accordingly, the judging means
detects the leading edge of the sheet P-1 with the timing of the
decrease 1n the level of the ultrasonic wave.

FIG. 8(b) shows a state that the register loop 1s formed 1n
the sheet. The pair of register rollers 5 1s controlled to stop
when the leading edge of the sheet P reaches the register
rollers from the separating means 2. Accordingly, the sepa-
rating means 2 pushes further the sheet after the leading edge
of the sheet P kicked out from the separating means 2 contacts
the pair of register rollers 5, so that the loop 1s formed 1n the
sheet P-1. The shape and the size (diameter) of the loop are
not stable, so that the loop 1s mnappropriate for detecting the
double feed ol the sheets without stabilizing the amount of the
ultrasonic wave recerved by the wave receiving sensor 3b.

FIG. 8(c) shows a state that the sheet P-1 with the loop 1s
straightened out 1nto a straight shape with regard to the travel
surface between the separating means 2 and the pair of reg-
ister rollers 5. After a predetermined period of time after the
leading edge of the sheet P contacts the pair of register rollers
5, the pair of register rollers 5 starts to rotate and the separat-
ing roller 2a of the separating means 2 stops, so that the loop
1s gradually removed and the sheet 1s straightened out. At this
time, the amount of the ultrasonic wave received by the wave
receiving sensor 3b 1s stabilized, thereby providing the opti-
mum timing for detecting the double feed of the sheet P-1. At
this time, the sheet P-1 1s nipped at the leading and trailing
edges thereof by the separating means 2 and the pair of
register rollers 5, thereby suppressing vertical vibration or
movement. When the sheet P 1s double fed, a gap 1s generated
between the sheets when the loop 1s formed therein as shown
in FIG. 8(c). The gap attenuates the ultrasonic wave, so that
the ultrasonic wave sensor 3 1s able to accurately detect the
double feed of the sheets.

FIG. 8(d) shows a state that the sheet P-1 1s transported
further toward a downstream side by the pair of register
rollers 5, and the trailing edge of the sheet P 1s released from
the nip of the separating means 2. In this state, the sheet P-1
flaps and moves up and down around the nipping point of the
pair of register rollers 5, so that 1t 1s difficult to accurately
detect the double feed of the sheets based on the output signal
of the wave recerving sensor 3b.

FIG. 8(e) shows a state that the trailing edge of the sheet
passes through the ultrasonic wave path 3¢ between the wave
sending sensor 3a and the wave receving sensor 35 of the
ultrasonic wave sensor 3. The ultrasonic wave path 3¢ inter-
rupted by the sheet P-1 1s opened, and the level of the ultra-
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sonic wave recerved by the wave recetving sensor 3b
increases. Accordingly, the judging means detects the trailing
edge of the sheet P-1 based on the timing of the increase 1n the
level of the ultrasonic wave.

The control device of the ADF shown 1n FIG. 7 can calcu-
late the s1ze of the sheet (length 1n the sheet feeding direction)
from the time between when the leading edge of the sheet 1s
detected and when the trailing edge of the sheet 1s detected, a
teeding speed of the pair of register rollers 3, and the stopping
time of the pair of register rollers 5 while the sheet forms the
register loop.

FI1G. 9 1s a flow chart for explaiming timing of reading the
output signal of the wave recetving sensor 36 of the ultrasonic
wave sensor 3, and the flow chart will be explained with
reference to FIG. 7. Among the sheets fed from the kick roller
1, only the uppermost single sheet passes through the sepa-
rating means 2, and the second or subsequent sheets below the
uppermost sheet do not pass. The sheet kicked out from the
kick roller 1 1s fed to the pair of register rollers 5 (S1) . Whe
the sheet interrupts the ultrasonic wave path of the ultrasonic
wave sensor 3, 1t 1s detected that the leading edge of the sheet
reaches a predetermined position (S2).

The pair of register rollers 5 does not rotate when the
leading edge of the sheet from the separating means 2 abuts
against the register rollers, so that a loop 1s formed in the sheet
atthe pair of register rollers 5 (53). The separating roller 26 of
the separating means 2 1s stopped at this time to stop separat-
ing the sheets (S4).

Next, the pair of register rollers 5 1s driven to rotate for a
predetermined period of time to feed the sheet after the lead-
ing edge of the sheet arrives at the pair of register rollers 3
(S5). The loop formed while the pair of register rollers 5 stops
1s removed from the sheet (5S6) to correct a skew 1n the sheet.
Atthis point, the output signal of the wave recerving sensor 35
of the ultrasonic wave sensor 3 1s read (57). Accordingly, 1t 1s
determined whether the sheets are double fed based on the
output signal of the wave recerving sensor 35 when the loop 1s
removed from the sheet at the pair of register rollers 5 (58).
When the double feed 1s detected, the ADF stops (S9). It 1s
also acceptable to continue reading the sheets even 1t the
double feed 1s detected, and then to display a warning to the
operator after reading all the sheets.

When the double feed 1s not detected, the system continues
the judging (S7 and S8) whether the sheets are double fed
based on the output signal of the wave receiving sensor 35
until the trailing edge of the sheet passes through the separat-
ing means 2 (S10), so that the double feed of the sheets i1s
turther accurately detected. After the trailing edge of the sheet
passes through the separating means 2, the sheet interrupts the
ultrasonic waves path of the ultrasonic wave sensor, so that
the trailing edge of the sheet 1s detected (S11). The time from
detecting the leading edge of the sheet to detecting the trailing
edge of the sheet 1s determined to calculate the sheet size
(length 1n the sheet feeding direction) (S12). Then, the sheet
1s fed toward a downstream side, and the next sheet 1s kicked
out and separated.

FIG. 10 1s a view showing a timing chart for controlling an
image reading apparatus 20 provided with the ADF 10. A
sheet stacking detection sensor (not shown 1n the drawings) 1s
disposed for detecting the sheets stacked on the sheet stacker
11 (see FIG. 7). When the image reading start button on the
image reading apparatus 20 1s pressed while the sheets are
stacked on the sheet stacker 11, the sheet feed start signal 1s
generated to start feeding the sheets, as shown 1n FIG. 10.

Upon the sheet feed start signal, the feed drive motor (not
shown 1n the drawings) rotates in the forward direction, so
that the kick roller 1 contacts the uppermost sheet on the sheet
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stacker 11. When the sheet 1s kicked out, the separating roller
2a 1s driven to rotate. At this time, the ultrasonic wave sensor
3 15 1n an operating state.

When the separating motor 2a starts rotational drive, the
leading edge of the sheet interrupts the ultrasonic wave path
3¢ (see FIG. 8(a)) and the leading edge of the sheet is
detected. The separating roller 3a continues to rotate only for
a predetermined period of time after the leading edge of the
sheet 1s detected, and then stops. During this time, the pair of
register rollers 3 1s stopped, so that the sheet 1s prevented from
moving forward by the pair of register rollers 35, thereby
forming a loop in the sheet and correcting any skew 1n the
sheet.

Then, at a predetermined timing, the feed drive motor (not
shown 1n the drawings) rotates in reverse to rotate the pair of
register rollers 5. When the pair of register rollers 5 starts, the
separating roller 2a stops, and the loop (register loop) formed
in the sheet 1s gradually removed. The register loop 1is
removed after a predetermined period of time after the pair of
register rollers 5 starts the rotational drive, and the output
signal of the wave recerving sensor 356 of the ultrasonic wave
sensor 3 1s read.

According to the invention, the double feed of the sheets 1s
detected based on the output signal 1n this state. The reading
of the output signal of the wave receiving sensor 3b 1s con-
tinuously performed until the trailing edge of the sheet moves
away from the nipping of the separating means 2 to accurately
detect the double feed. Then, the trailing edge of the sheet
passes through the ultrasonic wave path 3¢ (see FIG. 8(e)), so
that the trailing edge of the sheet 1s detected. The judging
means calculates the size of the sheet (length in the sheet
feeding direction) from the time from the detection of the
leading edge of the sheet to the detection of the trailing edge
of the sheet, the feeding speed of the pair of register rollers 5,
and the stopping time of the pair of register rollers 5 while the
sheet forms the register loop.

The reading of the images on the sheet 1s started after a
predetermined period of time after the leading edge of the
sheet passing through the pair of register rollers 3 1s detected
by the read sensor 9 (see F1G. 7) arranged at an upstream side
of the 1mage reading position. The output signal from the
CCD (optical reading means) 1s stored into the memory. The
next sheet stacked on the sheet stacker 11 1s kicked out.

FIG. 11 1s a block diagram of a control circuit of the
judging means according to a first embodiment of the present
invention. As described above, the ultrasonic wave sensor 3 1s
composed of the wave of sending sensor 3a and the wave
receiving sensor 3b. In the judging means according to the
first embodiment, the wave sending sensor 3a 1s driven by an
amp circuit 32 that amplifies the ultrasonic wave signal gen-
erated by an ultrasonic wave generating circuit 31 (ultrasonic
oscillating circuit). A gain (amplification rate) of the amp
circuit 32 that amplifies the ultrasonic wave signal generated
by the ultrasonic wave generator circuit 31 can be varied
using a volume knob to set an output level of the ultrasonic
wave from the wave sending sensor 3a. Accordingly, 1t 1s
possible to adjust a difference 1n sensitivities of the sensors
(elements), a setting angle with regard to the sheet travel
surface and the gap between the sending sensor 3a and the
wave receiving sensor 3b.

The output signal of the wave recerving sensor 356 1s ampli-
fied by an amp circuit 34. The amplified electrical signal 1s
rectified in a smoothness circuit 35 and then smoothed by an
integrated circuit with a predetermined time constant. A CPU
36 and the amp circuit 34 are connected via the D/A converter
38, and a gain of the amp circuit 34 can be set freely using
software. The CPU 36 sets each of the output signal gains of
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the wave receiving sensor 35 for detecting the leading edge
and the trailing edge of the sheet and detecting the double teed
of the sheets. Accordingly, 1t 1s possible to precisely detect the
leading edge and the trailing edge of the sheet and to detect
the double feed of the sheets using one ultrasonic wave sensor
3.

It 1s acceptable to detect the sheet when detecting the
leading edge and the trailing edge of the sheet, so a first gain
value 1s set to be comparatively small. Conversely, when the
double feed of the sheets 1s detected, 1t 1s necessary to detect
one or more sheets, and a comparatively large second gain
value 1s set.

The electrical signal passes through the smoothness circuit
35, and 1s compared with a standard value 1n a comparator
circuit 37. The compared value 1s output from the comparator
circuit 37, and 1s input to the CPU 36. The leading and trailing
edges of the sheet and the double feed of the sheets are
detected at different timings under different comparison con-
ditions. As described above, the double feed 1s detected when
the loop formed 1n the sheet between the separating means 2
and the pair of register rollers 3 1s removed until the trailing
edge of the sheet 1s no longer nipped by the separating means
2, thereby accurately detecting the double feed of the sheets.

FIG. 12 1s a block diagram of a control circuit of the
judging means according to a second embodiment of the
present invention. A circuit configuration of the wave sending,
sensor 3a of the judging means in the second embodiment 1s
the same as that 1n the first embodiment shown 1n FIG. 11.
Therefore, an explanation of the configuration 1s omitted. The
output signal of the wave recerving sensor 35 1s amplified
with a predetermined gain set by the amp circuit 34. The
amplified electrical signal is rectified in the smoothness cir-
cuit 35 and then smoothed by the integrated circuit with a
predetermined time constant. The electrical signal passes
through the smoothness circuit 35 and 1s compared with the
standard value 1n the comparator circuit 37.

The CPU 36 and a negative input terminal for the compara-
tor circuit 37 are connected via the D/A converter. The CPU
36 can ireely set the standard value to be compared with the
output signal of the smoothness circuit 35 in the comparator
circuit 36 using soitware. The CPU 36 sets each of the stan-
dard values for comparing the output signals of the wave
receiving sensor 3b when the leading edge and the trailing
edge of the sheet are detected and the double feed of the sheets
1s detected. Accordingly, it 1s possible to precisely detect the
leading edge and the trailing edge of the sheet and the double
feed of the sheets using one ultrasonic wave sensor 3. Spe-
cifically, the level of the ultrasonic wave recerved by the wave
receiving sensor 3b 1s relatively high when the leading edge
and the trailing edge of the sheet are detected, so that the first
standard value 1s set to be a comparatively high value. Con-
versely, the level of the ultrasonic wave recerved by the wave
receiving sensor 3b 1s comparatively low when the double
feed of the sheets 1s detected, so that the second standard
value 1s set to be a value smaller than the first standard value.

The compared value 1s output from the comparator circuit
3’7 and mput to the CPU 36 to detect the leading and trailing
edges of the sheet and the double feed of the sheets. The
double feed 1s detected when the loop formed 1n the sheet
between the separating means 2 and the pair of register rollers
5 1s removed until the trailing edge of the sheet 1s no longer
nipped by the separating means 2, thereby accurately detect-
ing the double feed of the sheets.

FIG. 13 1s a block diagram of a control circuit of the
judging means according to a third embodiment of the present
invention. The circuit configuration of the wave sending sen-
sor 3a of the judging means 1n the third embodiment 1s the
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same as that in the first embodiment shown 1n FI1G. 11. There-
fore, the explanation thereot 1s omitted.

The output signal of the wave receiving sensor 35 1s first
amplified with a predetermined gain preset by the first ampli-
fier circuit 34. Then, the output signal of the first amp circuit
34 1s rectified 1n the first smoothness circuit 35, and then
smoothed by the integrated circuit with a predetermined time
constant. The output signal of the smoothness circuit 35 1s
compared with the first standard value 1n the first comparator
circuit 37. The output signal of the first amp circuit 34 1s input
also to the second amp circuit 38 to be further amplified with
a predetermined gain. The output from the second amp circuit
38 i1s rectified 1n the second smoothness circuit 39 and then
smoothed by the mtegrated circuit with a predetermined time
constant. The output signal of the second smoothness circuit
29 1s compared with the second standard value different from
the first standard value 1n the second comparator circuit 40.

The CPU 36 detects the leading edge and the trailing edge
of the sheet based upon the input signal from the first com-
parator circuit 37. The double feed of the sheets 1s detected
based upon the output signal from the second comparator
circuit 40. The double feed 1s detected when the loop formed
in the sheet between the separating means 2 and the pair of
register rollers 5 1s removed until the trailing edge of the sheet
1s no longer nipped by the separating means 2, thereby accu-
rately detecting the double feed of the sheets.

FIG. 14 1s a block diagram of a control circuit of the
judging means according to a fourth embodiment of the
present mvention. In the judging means according to the
fourth embodiment, the wave sending sensor 3a 1s driven by
the amp circuit 32 that amplifies the ultrasonic wave signal
generated by the ultrasonic wave generating circuit 31 (ultra-
sonic oscillating circuit). The gain (amplification rate) of the
amp circuit 32 that amplifies the ultrasonic wave signal by the
ultrasonic wave generating circuit 31 can be set freely by the
CPU 36. The D/A converter 38 converts the digital signal
output from the CPU 36 into an analog signal and inputs the
analog signal into the amp circuit 32, and 1s connected
between the CPU 36 and the amp circuit 32. With this con-
figuration, when the leading and trailing edges of the sheet are
detected and the double feed of the sheets 1s detected, the CPU
sets the output levels of the ultrasonic wave outputs from the
wave recerving sensor 36 to individual and different values.
Accordingly, the CPU 36 can freely set the output levels of the
ultrasonic waves from the wave sending sensor 3a, and it 1s
possible to adjust for the difference 1n sensitivities of the
sensors (elements), the setting angle with regard to the sheet
travel surface and the gap between the wave sending sensor
3a and the wave receiving sensor 3b.

The output signal of the wave recerving sensor 356 1s ampli-
fied by the amp circuit 34 with a predetermined gain. The
amplified electrical signal is rectified in the smoothness cir-
cuit 35 and smoothed by the integrated circuit with a prede-
termined time constant.

The electrical signal passes through the smoothness circuit
35, and 1s compared with the standard value in the comparator
circuit 37. The compared value output from the comparator
circuit 37 1s input to the CPU 36. When the leading edge and
the trailing edge of the sheet are detected, the gain of the amp
circuit 32 1s set to be a comparatively small value. Conversely,
when the double feed of the sheets 1s detected, the gain of the
amp circuit 32 1s setto be a comparatively high value. Accord-
ingly, 1t 1s possible to detect the leading and trailing edges of
the sheet and the double feeds of the sheets using one ultra-
sonic wave sensor 3. The double feed 1s detected when the
loop formed 1n the sheet between the separating means 2 and
the pair of register rollers 5 1s removed until the trailing edge
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of the sheet 1s no longer nipped by the separating means 2,
thereby accurately detecting the double feed of the sheets.

FIG. 15 1s a block diagram of a control circuit of the
judging means according to a fifth embodiment of the present
invention. The circuit configuration of the wave sending sen-
sor 3a of the judging means 1n the fifth embodiment 1s the
same as that in the first embodiment shown in FIG. 11. There-
fore, the explanation thereot 1s omitted.

The output signal of the wave receiving sensor 35 1s ampli-
fied by the amp circuit 34. The amplified electrical signal 1s
rectified 1n the smoothness circuit 35 and then smoothed by
the integrated circuit with a predetermined time constant. The
analog signal output from the smoothness circuit 33 1s con-
verted into the digital signal 1 the A/D converter 38. The
digital signal 1s read directly by the CPU-36. The two com-
parison standard values (ranges) for detecting the leading and
trailing edges of the sheet and the double feed of the sheets are
stored 1n the CPU 36. When the leading edge and the trailing
edge of the sheet are detected, a comparatively high compari-
son standard value and the digital signal from the A/D con-
verter 38 are compared. When the double feed of the sheets 1s
detected, a comparatively small comparison standard value
(range) and the digital signal from the A/D converter 38 are
compared. The double feed 1s detected when the loop formed
in the sheet between the separating means 2 and the pair of
register rollers 5 1s removed until the trailing edge of the sheet
1s no longer nipped by the separating means 2, thereby accu-
rately detecting the double feed of the sheets.

FIGS. 16(a) and 6(d) are views showing wavelorms of the
output signals of the wave recerving sensor 35 and the stan-
dard value when the double feed of the sheets 1s detected,
which 1s more difficult than detecting the leading edge and the
tralling edge of the sheet (detecting the sheet). When the
leading edge and the trailing edge of the sheet are detected,
the level of the output signal from the wave recerving sensor
3b 1s compared with the standard value.

FI1G. 16(a) shows a state that only one sheet 1s fed when the
double feed of the sheets 1s detected, and FIG. 16(b) shows s
state that the sheets are double fed. As shown 1 FIG. 16(a),
the output value of the wave recerving sensor 35 1s hi gher than
the standard value, indicating that only one sheet 1s kicked
out. Conversely, as shown 1n FIG. 16(b), the output value of
the wave receiving sensor 3 1s lower than the standard value,
indicating that the double feed occurs.

As shown 1n FIG. 16(a), the wave form of the output signal
from the wave receiving sensor 35 1s separated into three
sections, namely ‘A’, ‘B’, and ‘C’. The section ‘A’ shows
when the sheet has a loop (see FIG. 8(b)), and the level of the
ultrasonic wave received by the wave recerving sensor 35 1s
unstable. The section ‘B’ shows when the loop 1s removed
from the sheet and the leading and trailing edges of the sheet
are nipped by the separating means 2 and the pair of register
rollers 5 (see FIG. 8(c¢)). In the section ‘B’, the output signal
of the wave recerving sensor 3b 1s stable. The section ‘C’
shows when the trailing edge of the sheet 1s released by the
separating means 2 (see 1n FIG. 8(d)), and the trailing edge of
the sheet 1s vibrating and the signal of the wave recerving
sensor 36 1s slightly unstable. According to the invention, the
double feed of the sheets 1s detected based upon the output
signal of the wave receiving sensor 35 1n the section ‘B’,
thereby accurately detecting the double feed of the sheets.

FI1G. 17 1s a control flow chart for detecting the leading and
trailing edges of the sheet and the double feed of the sheets
with one ultrasonic wave sensor using the judging means
according to the first embodiment shown 1n FIG. 11. The gain
of the amp circuit 1s set to be the first gain value for detecting
the leading edge and the trailing edge of the sheet, and the
gain of the amp circuit is set to be the second gain value for
detecting the double feed.
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The CPU 36 (see FIG. 11) sets the gain of the amp circuit
34 stored i advance in predetermined addresses in the
memory (1included on the CPU 36) as the first gain value, 1.¢.
the low value (521). When the start button on the apparatus
(522)1s pushed, the sheet feed control 1s started. The CPU 36
monitors the output of the comparator circuit 37 to detect
whether the leading edge of the sheet interrupts the ultrasonic
wave path 3¢ of the ultrasonic wave sensor 3 by comparing the
output with the first gain value (S23). After it 1s determined
that the leading edge of the sheet interrupts the ultrasonic
wave path 3¢ (S24), the leading edge of the sheet stops at the
pair of register rollers 5 and the register loop 1s formed in the

sheet (S25).

The CPU 36 sets the gain of the amp circuit 34 stored 1n
advance 1n predetermined addresses in the memory (included
on the CPU 36) as the second gain value, 1.e. the high value
(526). The register loop 1n the sheet 1s removed by the pair of
register rollers rotating after a predetermined period of time
(S28). The CPU 36 monitors the output from the comparator
circuit 37 (S28) and when the sheet 1s in the state shown 1n
FIG. 8(c¢), the double feed of the sheets 1s detected based upon
the output signal of the comparator circuit 37 (529). At this
time, the comparator circuit 37 outputs the compared signal
between the first gain value and the output of the smoothness
circuit 35 to the CPU 36. When the double feed of the sheets
1s detected, the double feed process, 1.e. stopping the sheet or
the 1mage reading operation, 1s performed (530), and the
apparatus control 1s stopped (S31).

When 1t 1s judged that only one sheet 1s fed normally, the
control continues. The CPU 36 sets the gain of the amp circuit
34 stored 1n a predetermined addressed in the memory (1in-
cluded on the CPU 36) to the first gain value, 1.¢. the low
value. Next, the CPU 36 monitors the output of the compara-
tor circuit 37 to detect whether the trailing edge of the sheet
interrupts the ultrasonic wave path 3¢ of the ultrasonic wave
sensor 3 by comparing the output with the first gain value
(S33). After 1t 1s determined that the trailing edge of the sheet
interrupts the ultrasonic wave path 3¢ (S34), the size of the
sheet 1s calculated by the CPU (S35). The CPU 36 can cal-
culate the size of the sheet (length in the sheet feeding direc-
tion) from the time from detecting the leading edge of the
sheet to detecting the trailing edge of the sheet, the feeding
speed of the pair of register rollers 5, and the stopping time of
the pair of register rollers S while the register loop 1s formed.

The sheet 1s then transported over the platen 12 (see F1G. 7)
arranged at a downstream side. The image on the sheet 1s read
by the optical reading means (536) and then the sheet 1s
discharged to the discharge path 23 (S37). The control
described above 1s performed until all the sheets stacked on

the sheet stacker are fed (538 and S39).

FIG. 18 shows a control flow chart for detecting the leading,
and trailing edges of the sheet and the double feed with one
ultrasonic wave sensor using the judging means according to
the second embodiment shown in FI1G. 12. The standard value
for comparison in the comparator circuit 37 1s set to be the
first standard value for detecting the leading edge and the
trailing edge of the sheet, and 1s set to be the second standard
value for detecting the double feed.

The CPU 36 (see FIG. 11) sets the standard value 1mnput to
one of the input terminals (negative) of the comparator circuit
3’7 and stored in advance 1n a predetermined address 1n the
memory (1included 1n the CPU 36) as the first standard value,
1.¢. the low value (S31). When the operation start button on
the apparatus 1s pushed (S32), the sheet feed control 1s started.
The CPU 36 monitors the output of the comparator circuit 37
to detect whether the leading edge of the sheet interrupts the
ultrasonic wave path 3¢ of the ultrasonic wave sensor 3 by
comparing the output with the first standard value (S33).
After 1t 1s determined that the leading edge of the sheet inter-
rupts the ultrasonic wave path 3¢ (534), the leading edge of
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the sheet stops at the pair of register rollers 5 and the register
loop 1s formed 1n the sheet (S35).

Then, the CPU 36 sets the standard value mput to the
comparator circuit 37 and stored 1n advance 1n a predeter-
mined address 1n the memory (included on the CPU 36) to be
the second standard value, 1.e. the higher value than the first
standard value (S36). The register loop 1n the sheet 1s removed
by the register rollers rotating after a predetermined period of
time (S38). The CPU 36 monitors the output from the com-
parison circuit 37 (538) and when the sheet 1s 1n the state
shown 1n FIG. 8(¢), the double feed of the sheets 1s detected
based upon the output signal of the comparator circuit 37
(S39). At this time, the comparator circuit 37 compares the
output from the smoothness circuit 35 with the second stan-
dard value and outputs the result to the CPU 36. When the
double feed of the sheets 15 detected, a double feed process,
1.e. stopping the sheets or the 1image reading operation, 1s
performed (S40), and the sheet feed control or image reading,
control 1s stopped (S41).

When 1t 1s determined that only one sheet 1s fed normally,
the control continues. The CPU 36 sets the standard value
input to the comparator circuit 37 and stored 1n a predeter-
mined address 1n the memory (included on the CPU 36) to be
the first standard value, 1.e. the low value (S42). Next, the
CPU 36 monitors the output of the comparator circuit 37 to
detect whether the trailling edge of the sheet interrupts the
ultrasonic wave path 3¢ of the ultrasonic wave sensor 3 by
comparing the output with the first standard value (543).
After 1t 1s determined that the trailing edge of the sheet inter-
rupts the ultrasonic wave path 3¢ (S44), the size of the sheet1s
calculated by the CPU (S45) The CPU 36 can calculate the
s1ze of the sheet (length 1n the sheet feeding direction) from
the time from detecting the leading edge of the sheet to
detecting the trailing edge of the sheet, the feeding speed of
the pair of register rollers 5, and the stopping time of the pair
of register rollers 5 while the register loop 1s formed.

The sheet 1s then transported over the platen 12 (see FI1G. 7)
arranged at a downstream side. The image on the sheet 1s read
by the optical reading means (536), and the sheet 1s dis-
charged to the discharge path 23(S47). The control described

above 1s performed until all the sheets stacked on the sheet
stacker are fed (S48 and 549).

As described above, according to the ivention, the sheet
handling apparatus includes the sheet stacker; the separating
means for separating and kicking out the sheets stacked on the
sheet stacker; the register rollers for correcting any skew of
the sheets kicked out from the separating means; the ultra-
sonic wave sensor composed of the wave sending sensor and
the wave recerving sensor arranged between the separating
means and the register rollers; and the judging means for
detecting the trailing edge and the leading edge of the sheets
and for detecting the double feed of the sheets based on the
output signal from the wave receiving sensor. By detecting
the leading edge and the trailing edge of the sheets, 1t 1s
possible to determine the size o the sheet (length of the sheets
in the feeding direction).

The judging means executes the first comparison to detect
the leading edge and the trailing edge of the sheets, and the
second comparison at the different timing and under the dii-
terent conditions to judge whether the sheets are double fed.
Accordingly, the detection of the leading edge of the sheet,
and the detection of the double feed of the sheets are per-
tformed under the different conditions and different timings.
Therefore, both the detection of the leading edge of the sheet
and the detection of the double feed of the sheets convention-
ally performed by a plurality of sensors become possible
using only a single sensor.
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The vention 1s applicable to an ADF for transporting
original sheets to an 1mage reading position, and any general
sheet handling apparatus such as a copier kicking out a single
sheet from a paper stacker and feeding the sheet to a printing
unit.

The disclosures of Japanese Patent Application No. 2003-
275916 and No. 2003-275917 both filed on Jul. 17, 2003 are
incorporated 1n the application.

While the invention has been explained with reference to
the specific embodiments of the invention, the explanation 1s

illustrative and the ivention 1s limited only by the appended
claims.

What 1s claimed 1s:

1. A sheet handling apparatus comprising;:

a sheet stacker for stacking sheets,

separating means for separating and feeding the sheets
stacked on the sheet stacker,

a register roller disposed adjacent to the separating means,
said register roller forming a loop to the sheet transferred
from the separating means for correcting a skew of the
sheet,

an ultrasonic wave sensor composed of a wave sending,
sensor and a wave recewving sensor and arranged
between the separating means and the register roller
obliquely relative to a sheet transier surface therebe-
tween,

judging means electrically connected to the wave receiving
sensor and having means for taking an output signal
from the wave recerving sensor for a predetermined time
beginning from a time that the loop of the sheet 1s
removed since the register roller starts rotating from a
stopping condition thereol until a trailling edge of the
sheet moves away from nipping of the separating means,
said judging means detecting a double feed of the sheet
based on the output signal for said predetermined time,
and

control means electrically connected to the judging means
and the register roller for controlling the register roller to
stop and rotate.

2. A sheet handling apparatus according to claim 1,
wherein said waver receiving sensor 1s arranged above the
sheet transier surface between the separating means and the
register roller, and said wave sending sensor i1s arranged
below the sheet transfer surface.

3. A sheet handling apparatus according to claim 1,
wherein said judging means continuously detects if the
double feed 1s being made until the trailing edge of the sheet
passes through the register roller.

4. A sheet handling apparatus according to claim 1,
wherein said separating means stops feeding the sheet from
the sheet stacker when the judging means detects the double
feed.

5. An 1mage reading apparatus comprising the sheet han-
dling apparatus according to claim 1, transport means for
transporting the sheet from the register roller to a reading
position, and optical reading means for reading the sheet at
the reading position.

6. An 1mage reading apparatus according to claim 3,
wherein said optical reading means stops reading the sheet
when the judging means detects the double feed.

7. An 1image reading apparatus according to claim 5, further
comprising display means for displaying a sign of the double
teed when the judging means detects the double feed after all
the sheets stacked on the sheet stacker are read.
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